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© An electrochemical cell for use in gas detection 
includes a cell body having an electrolyte cavity .and 
a separate sensor cavity. The sensor cavity holds 
stacked sensor elements including a counter elec- 
trode, electrolyte mat reference electrode and sens- 
ing electrode. A wick draws the electrolyte from the 
electrolyte cavity to the electrolyte mat. The sensing 
electrode closes off the sensor cavity and seals the 
counter and reference electrodes therein. The only 
gas which contacts the counter and reference elec- 
trodes is that which passes through the sensing 
electrode or is generated by the counter electrode 
and becomes dissolved in the electrolyte. 
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COMPACT ELECTRQGHEMICAL CELL FOR GAS DEI ECTION 



Background of 4he Invention . 



1] Field of. the Invention .. .... ^ , - . . 

. This invention relates to electrochemicaJ gas 
detectors and, .mpre partipularly. to a .three, elecr.. w 
Lfode el.ectrochennical..ceil having a compact3ele,- • 
sign. • . f .... . ^. 



2) Background Art.-, . . ^ 

The theory and general operation, pfjthe tji/ee,. 
electrode electrochemical cells used .In toxjc or . 
other g^s detector systerhs are well J^nown. . Suclj . 
cells include a sensing^ electrode, a counter elec^. . 
trode spaced .fronri the^ sensing electrode, .an.,, 
aqueous-based electroiyt^ between and in contact: ^; 
with the sensing, and . counter electrodes,- and .a 
reference electrode . positioned between the sensmg, . 
and counter electrodes, and in contact with - the- r. 
electrolyte. The sensing .electrode , is typically. a 
porous, gas diffusion electrode having a coating of 
a cataiytic material on a surface adjacent the elec: ^ 
trolyte. ..T:he,.gas to be sensed., referred to as the 
object gas, flows either alone or in cpmbinatipn 
with other ..gases {e.g,,.'the ambient atmosphere) 
through the sensing ..electrode. The object gas urv-.. 
dergoes a reaction, either a reduction or .,an oxida- 
tion, at, the interface of the electrolyte and ; the 
catalytia material . of the sensing electrode. The 
catalytic^^material.; is-.s,elected to promote reaction 
. wlttv- a particular object gas. but not to react with ; 
other/ gases that rnay .accompany the object gas. 

/•,.The:^ sensing • ei^ectrode will function electro- 
chernrieaiJy as, an anode if the reaction occurring ati,. 
the, interface of.; the .electrolyte and catalytic ma-.A 
terlal is^ an oxidation,- for example, if the cell .is used- 
to detect carbon rnpnoxide. hydrogen, hydrogen 
sulfide, hydrocarbons, or other^fuel gases that are 
readily oxidizable.. In an, oxidation . reaction, elec- 
trons are removed from..the molecules.of the objejct 
^gas. Tlie sensing electrode will furijction electro- 
^ chernicaily as a .cathode if the reaction occurririg §t : 
the interface of the electrolyte and- catalytic rna--- 
terial is a reduction, for example, if the ceil is-used 
to detect nitrogen dioxide, chlorine, fluorine, bro-. 
mine, oxygen or .other oxidant gases that are read- 
ily reducible. In a reduction reaction, electrons are 

added to the molecules of the object gas. 

The result of either an oxidation or a reduction 
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reaction at the sensing electroce is the production 
; of charged, particles in the form of ions. Charged 
_par.ticie5 .will migrate through the electrolyte to the 
counter -^electrode. A.; conductive wire is typically 
connected, external, of the cell between the sensing 
and counter electrodes to complete an electrical 
path, to allow electrons to Mow between the counter 
and sensing electrodes. and to permit an opposite 
electrochemical reaction to take place at the coun- 
ter electrode.. . .. 

The reference electrode :s used to maintain a 
particular potential difference between the sensing 
and reference electrodes and to assist or encour- 
r age the oxidation or reduction reaction at the sens- 
ing electrode. For example, in a carbon monoxide 
. ICO).. detecting cell, the sensing electrode is fixed 
at a potential that makes It run in an electron 
hungry . mode . in ..which CO, the object gas. will 
readily be oxidi.zed ^and give up electrons. The 
reference retectrode , is also used to bias the sens- 
-ing electrode at a particular level so that other 
. reactions -will not take place and, thereby, will not 
Jn^erfere with the desired reaction resulting from 
the presence of the object gas. The reference 
.electrode potential wilLbe sensed without drawing 
significant, current and will not affect the magnitude 
of .-the current generated by the reaction of the 
pbject gas at the sensing electrode. 

With all other conditions remaining constant, 
. .such as temperature, gas pressure, and humidity, 
the electrons generated by the reactions within the 
cell will be directly proportional to the amount of 
object ;gas contacting the sensing electrode. The 
^current floyying through the external circuit between 
the sensing and counter electrodes can be mea- 
sured by an ammeter or the like and give a quan- 
... titative reading of the level of object gas present. 
Prior art' three electrode cells useful for detect- 
ing an object gas in an atmosphere are shown, for 
example, m United Slates Patents Nos. Re.3l,9l4; 
' ' Re.3V.915: and Re.31.9i6. However, these cells are 

• rather- bulky due to .; the positioning of the elec- 
trodes with respect to .each other and with respect 
to an . electrolyte reservoir in the cells since the 
electrodes^ are all exposed to atmospheric air. 

, ' It is, accordingly, an object of the present in- 
verition to, provide a thr^e electrode electrochemi- 
cal celU for gas detection which has a compact 

• design, s . - 

..^ The prior art has attempted to provide a three 
. electrode electrochemical cell of compact design, 
. but these designs all have various disadvantages or 
unsatisfactory characteristics. United States Patent 
No. 4,521 .290 discloses a thin layer electrochemi- 
cal cell for detecting toxic chemicals. However, this 



2 



cell Includes a plurality of counter electrodes which 
are spaced apart from the remainder of the cell 
and are located In an electrolyte reservoir. Such an 
arrangement does nof permit ttfe'ccfnstrutafbK of.'a 
compact cell. The cell disclosed in United Kingdom 
Patent Application No. 2,140,566A includes a work- 
ing or sensing electrode spaced from flat reference 
and counter-^ electrodes by a powdered, semisolid:.":::.: 
' electrolyte. These 'electrodes are each positioned 
* on the outer surface of the electrolyte. This celf 10 
includes no reser^i^oir oif electrolyte and does not 
adjust at ail for variations in humidity. 

City Technology Limited, of London. England, 
markets a compact CO cell under Model Nos. 3ER 
anS 3FR,- and markets '^ compact H2S cfell Cinder '-'-75 
Model No. 3HR: Similar cells are disclosed rn Unit- ' 
'•ed States'" Patents Nos. 4.633.704. 4.587.003 and* • ' 

■ '4;4C)6;^0: These cells included porous, gas diffu- 
''siofi- electrodes -for the* sensing, reference and 

counter "^elisctrddes and : the electrodes are posi- 20 
tioned in a stacked arrangement. However, these 
cells are not' the 'most compact design available, 
'utilize exclusively more 'expensive gas diffusidn ' ■ - 
electrodes, w^epi'liquid electrolyte after being Used 
Mor a short ' time, and do not adequately' cohi--'' is - 
pensate for vartetions- irt ambient humicfity. In addi- 

■ tion, the pbrdiis, K^drophbbic reference aind coun- 
ter electrodes' trap gas'bubbles therehW 'and,- as a ' 
result block 6iff''a pdrtiori of the catalytic material- ^- 
on electrodes' -and interfere with Ihe^ desired elec- bo 
trochemieaf re'aetion. 'Moreover; these cells provide 
a separate pathway between the counter' electrode • •• 
and the surrounding atrhosphere. • " - ' 1 

- It'is^ a further object of the present 'invention' to- 

■ provide a compact, three electrode electrochemical 35- 
cell which includes stacked electrodes, yet will - 
operate -efficiently, is inexpensive to manufacture; ' 

-'does^ not- -weep 'electrolyte, compensates -readily for 
humidity" changes arid' will operate in an ambient -* ' 
atmosphere having a hlgh^elative humidity.^ " "'^"^ ='''-4o 
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-"•'Accordingly, we' have invented -an -electro-- 
chemical cell for use in gas detecfibh ^Which in- ' 
eludes ah ini'p%rvious,'^noncondudiv*e-' ceir body ' 
having ah etectrblyte tavity and a separate ""sensbr- 
cavity formed^ 'in-' thS cell body. The^lecTrdly'te^ ' 
cavity i^ at lek# partially filled with'-'a ^liquid* elec- ' 
trolyte. The sensor cavity has a plur^lftrdf "^s4hsiS "' * 
element! stacked ^therein on top of *"^8h other.^ ' ' 
These sensor elements Include a codriter" Electrode- 
positioned at an inner end of the seifsor cavity and ' ' 55 
a gas "diffusion sensing electrode positioned at an • 
outer entf of the sensor cavity and spaced from the 
counter electrode. Ah electrolyte mat is positioned 



between and contacts both the counter and the 
sensing electrodes. A reference electrode is dis- 
posed within the electrolyte mat and is spaced 
**''''fr6m the counter and sensing electrodes. The 
sensing electrode closes off the outer end of the 
sensor cavity and seals the counter electrode, ref- 
erence electrode and electrolyte mat therein. The 
^ixell Jnclude.s:a wick for drawing liquid electrolyte 
from the electrolyte cavity to the electrolyte mat. 
The cell also includes means for making electrical 
contact with the counter, reference, and sensinn 
electrodes. The reference electrode is formed of a 
non?pbiSusl':conductive material coated with a layer 
of a catalytic material. The counter electrode is a 
pbroiis: hydrophilic conductive structure containing 
' a catalytic material. " ' 
- * ' In^e cell according to this invention, the coun- 
ter and reference electrodes are totally submerged 
within the electrolyte and within the sensor cavity. 
Any gas which contacts the counter and reference 
electrodes' corhesysolety from gas passing through 
the sensing electrode or generated at the counter 
electrode and- becohiing dissolved in the electro- 

• lyte.- -■" ' 
Trts cell can be used for detecting oxidizable 

gases wherein the sensing electrode is an anode 

• and' the- counter "electrode is an oxygen reduction 
cathbde; or for detecting reducible gases where the 

" sensing electrode is a cathode. The counter elec- 
' trbde can be formed of an ejectrochemicaily inert 
metal coated with a- layer of a catalytic material,, 
such as a platinum screen coated with platinum 
biack." • 

^ The electrolyte rhat may include a top mat In 
contact with- the' sensing electrode and an adjacent 
^bottom' mat in contact with the counter electrode. 
The -reference electrode is positioned between and 
in- contact 'with the top and bottom mats. The 
bottom mat includes a stem, preferably integral 
therewith, which extends through the counter elec- 
trode and Into 'the electrolyte cavity to wick the 

• electrolyte -info- tfie top' and bottom mats and, there- 
'by, in contact with the electrodes of the cell. The 
electrolyte cavity "'itiay be separated from the sen- 
sor cavity by a- dividing wall and the stem may 
extend * through aSsidt-''in the dividing wall. The 
bottom mat may' b^* formed of first and second 
bottom mats, each of' which include separate 
stems.' " ■ ' 

The cell may include a wire ring positioned 
behind arid In contact with the counter electrode 
and • terminating in a counter electrode lead wire 
which extends' through the electrolyte cavity to a 
counter electrode- connector. A carbon cloth may 
be positioned behind and in contact with both the 
counter electrode and the wire ring. The reference 
electrode* may be a metal wire formed into one or 
more spaced loops and having a lead wire con- 
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nected thereto. Jhe .reference slectrode lead wire Detailea Description of -he Drawings 

extends through the-electrolyte matr counter- elec--* " - '^v 

trode ana' -electrolyte cavity to a 'reference' elec- ' " • . 

Irode. connector. Th'e' countef electrode Gonnectof - • Referring to ^Figs. 1-6. there is shown a first 

and reference elecirdde' connector ''carr'be carried "5* embodiment of- a three' electrode, compact eiec- 
by a printed circuit bo^rd mounted "to^e ceiPbody " • tPochemical ceir2 for toxic or other gas detection in 
at an outer surface thereof. ^ - - ' " ■ • accordance ' wrth- the present invention. The ceil 2 

The . sensing .electrode preferably indlucfes includes a "generally -parallelepipea shaped housing 

conductive outer surface. and electrical contact with or cell body 4 which 's formed of a relatively inert, 

the sensing electrode may be made by: a conduc- • /o ' non-conductive, gas "impervious and acid resistant 
tive nng- positioned- against the outer electrode and 'material such as*' high density polyethylene, poly- 

connected to a sensing electrode terminal at an ' propylene, poiyimide, iD6lyacrylate, polycarbonate 

outer portion of the cetlrThe electrical connection or polyisocyanurate.'A'sensor cavity 6> preferably 

between the • sensing.^electrode termin&l' and* thg - • -cylindricai in shape, extends into the "cell coay 4 
conductive ring may.be made by a planar "^sensor 75 from a front surface* 8 thereof. An electrolyte cavity 
contact which : has : an ^enlarged central portion ^ • 10; similar in cross section to the sensor cavity 6. 
spaced from and^cevering the sensing electrode ' ' extends into the cell bdicly 4 from a rear surface 12 
and baying, a plurality of holes therethrough^^ to^ thereof. The ser>so7- caVity 6 and electrolyte cavity 

permit gas flow to the sensing electrode. ' r to are positioned inlhe approximate center of the 

. The cell:may further Include a diffusion barrier;-' ' 20 *■ front surface '8 arid rear surface 12. respectively, of 
such as' a" capillary: tube or the like; threfugti which ' • ttie cell-body '4 arid are substantially aligned with 
the gas must flow to reach the sensing- electrode. each othSr?-- ' 

Ttie ceir- body may include one or "more vents " ■ • As wM "be explained hereinafter, the electrolyte 
extending, into the electrolyte cavity, with- the 'vents cavity^ 10 has depth ^substantially greater than that 

covered with a gas permeable and liquid imperme-' '25 • of thia'vsensor cavity -6. The sensor cavity 6 and 
able membrane." A fiir hole, closed by a removable • ■ • ' electrolyte • cavity 10*' extend toward, but do not 
plug, may extend /through the cell- body and ;into "- "'^ contact each other and are separated by a dividing 
the- electrolyte cavity. wall 14, The dividing wall 14 is preferably integral 

; A further understanding of the invention will be - - with and formed of the same rigid material as the 
•achieved from the following description taken with 36 ' cell body 4! The divicihg wall 14 has a wire hole 16 
the acc^ompanying. drawings. and a separate slot 18 extending therethrough be- 

' ' ' '■ 'tween the sensor cavity 6 and the electrolyte cavity 

..'"^^ '.^ • i- h ' 'lO. ■ ■ 

: Brief Description ' of the Drawings A thin.' preferably- 0lanar. cylindrical carbon 

' ' ■' * : ^ ■ " o's cloth layer' or mat 20 iS positioned within the sen- 

- • sor cavity 6 at an inner end thereof immediately 

•.. In the drawings: . -adjacent the dividing wall 14. The carbon cloth 

: Fig.:l is a back- view of a first 'embodliiTent • ' ■ layer 20 - has' a slot 22 extending therethrough 
of an electrochemical' cell in accordaince with the ' • which is-aligned with and has the same general 
, present invention; ■ . 40 - configuration as the' slot 18 in the dividing wall 14, 

: Fig-- 2:.fiS' ?a^ section! taken alorig^-lin6§ IHliri ^ *^ - A thinf^preferably "planar, cylindrical counter elec- 
.Rg,,l' o 'c i ^. r -r.o^yr, . -.' trode 24 is positioned within the sensor cavity 6 

^ Fig.,:3 IS a front view of the etectfoGhemical"= immediately 'adjacent" the carbon cloth 20. The 

ceJI shown' in Fig. 1:: . - .n'- - • counter electrode 24 has a slot 26 extending there- 

• J' -■Fi9r4::'is a side. view of the efectrochemica! • 45 throijgh which is aligned wrth and has the same 
•cenrShov^^n rn.Fig; 1; ; ■ ^ . . -i -.. ■: general configuration' as the slot 22 in the carbon 

- 'v'^ Eg\ 5 is a perspective view, partially 'irt^sec-' ; " - cloth 20. A* wire ring 28 is sandwiched between and 
tion, of the electrochemibal cell shown inrPig: I; • '-"^ ■ is- in electrical contact with the carbon cloth 20 and 
^ Fig. 6 is an exploded view, parrialiy- iri '•sec-~ ' the' "counter electrode' 24-. The wire ring 28 makes 
tion, of the electroeh^mical cell shown^vHn Rg.- 1;- so electrical-contact 'With a Vbar surface of the counter 
•and^ ^. ■■• J: ': i ' . electrode' 2'4.' The' carbon cloth 20 functions as a 

Fig. '7 is a section taken threagh'- a 'secoffd ^ current collector and maintains electrical contact 
embodimentsof 'an 'electrochemicat. cell 'in aceor-- - ' - be^een the wire ring 28 and the counter electrode 
dance with the present invention. 24. The wire ring 28 terminates in a counter eiec- 

• ' • * 55 ■ ■ frode lead wire 30 which extends through the car- 
bon cloth' 20. the wire hole 16 in (he dividing wall 
- - ' 14, and the electrolyte cavity 10 to a rear portion of 

the cell 2. The wire ring 28 and counter electrode 



lead wire 30 may be formed as an integral unit 
from a length of thin platinum wire or the/like. ^ 

X'thin. preferably planar, cylindrical ; bottom - * 
electrolyte mat, formed of a semi-cylindrlG;al first : 
bottom mat 32 and a semi-cyilndrlcal second bot- : s, 
torn mat 34, is (Dositloned within the sensor cavity 6 
immediately adjacent the counter electrode 24 and 

..on the surface of Wye counter electrode 24 opposite 

, the carbon cloth .20 and wire ring 28. The first ^ : 
fbottom mat 32 includes a first stem 36 integral r - w 
therewith which extends in turn through, siots' 26; 22: -- .' j 
and 18 In the counter, electrode 24, carbon ctoth 20 *i . ^ 
and dividing walk 14, respectively,-, and rinto -the- 

..electrolyte cavity- 10. Similarly, the second; bottomK- : 
mat 34 inqludes.a second stem 38 integral-.there-.^ 'is. 
with which is atdjacent the first stem- 36 ..and ex^ 

^ tends in turn througfv slots 26. 22 and ,1.8 andinto 
the -electrolyte cavity 10. Stems 3JS. and 38. . are - 
substantially rectangular in configuration and- have 
a -width slightly, smaller than the width of slots 18,' :> iSO 
22 _and 26. A thin, preferably planar, -cylindrical top • \. ■ 
electrolyte mat 40 is positioned within . the sensor, ^ 
cavity 6 immediately adjacent the t)ottom mat 32, t.; 
34, on. the surface opposite the counter electrode v.; 
24.. The bottom .mat 32, 34 and top ,ymat 40 are<,- . :25 
made of felt or a:glass fiber filter t^io^iof material; . 

„such as fiberglass, capable of wicking.a-fiquid from 
one location to -another- and holding the liquid - 
therein. 

A reference electrode 42 is sandwiched be- 3o 
tween and is in contact with the bottom mat 32, 34, r. 
and the top mat 40, The reference electrode 42 
terminates in-,a referenqe electrode lead wire 44 
which extends between the first stem 36 and sec- 
ond stem 38, and necessarily through slots 28. 22 . 35 
and 18, and through the electrolyte cavity 10 to a 
rear portion of the cell 2. The reference electrode 
42 is formed of a non-porous, conductive metal, 
such as an .electrochemically inert metal, coated 
with a layer of catalytic, material and ha3, a plurality • ao 
of openings or spaces through the structure. The 
reference electrode 42 - and referemqe' $|jeCrtrode.. ..; 
Iead .wire^44 may be formed as an integral unit 
from a length of: thin platinum wire or form^ed as a • 
metal screen, with the .reference electrode 42 coat- 45 
ed with a layer of platinum black or other, catalytic 
material. To increase the contact surface area, the 
reference electrode .42 is ideally fomried in a spiral 
pattern with a plurality of outwardly extending and 
spaced coils. A metal, mesh or screen, structure • ^30 
could also be used. In this manner, the-; reference , 
electrode 42 contacts the bottom mat 32. 34 and 
the top mat 40 but permits the ^majorityt^ of .the> ; 
surface area of the bottpm mat 32, 34 and the; top .-.r: 
mat 40 to be in contact with each other. 55 

The sensor cavity 6 flares outwardly to provide 
a wider portion at an outer end thereof at the front 
surface 8 of the cell 2 to form a front shoulder 46. 



A thin, ring-shaped rubber gasket 48 is positioned 

within the sensor cavity 6 adjacent the front shoul- 
' der-46 and surrounding the top mat 40. A sensing 
: electrode 50; formed^ in the shape of a thin, planar, 
h cyllndrrcal disk, is positioned within the sensor cav- 
5.- ity 6 adjacent to and jn contact with both the top 
- mat 40 and the gasket 48. A conductive ring 52 is 
positioned within the . sensor cavity 6 adjacent to 
and: in electrical contact with the sensing electrode 

" The cell 2 includes a pair of opposed, semicir- 
'cularo walls 54. 55 extending outwardly therefrom 
r and -substantially-surrounding the sensor cavity 6 at 
^ the- .front surface 8. Walls 54 and 55 are spaced 
-....apart from each other to form "openings 56, 57 at 
, adjacent ends. Openings 56 and 57 are diagonally 
^opposed to each other. 
' - A' conductive sensor contact 58, in the shape 
of a'^thin; circular disk, is positioned within walls 54 
•.-and 55 and jadjacent- to and in electrical contact 
• ■ with- the conductive ring 52. The sensor contact 58 
incJudes-^a gjnort tab 60 at one end and a contact 
terminal. 62 diagonally opposite the short tab 60. 
--.When the sens^or contact 58 is positioned on the 
s cell 2. the short , tab -60. extends between walls 54 

• and 55 -intone of the openings, as shown through 
opening 56, and helps to keep the sensor contact 
58. securely mounted thereto. The contact terminal 
62 extends between rwalls 54 and 55 in the other 
opening, as shown though opening 57, and sur- 
rounds and is in electrical contact with a sensor 

• electrode connector screw 64. Screw 64 passes 
through the contact terminal 62 and into a threaded 
connector 66 embedded in the cell body 4. One or 
more opening^s-ior holes 68 extend through the 
central or disk shaped portion of the sensor contact 
62. The central portion of the sensor contact 62 is 
spaced away^from the sensing electrode 50 by the 
-thickness ■ of the conductive ring 52. The sensor 
contact. 62. provides an external electrical connec- 
tion to the.-sensing' electrode 50 and protects the 
fragile ' sensing electrode 50 from being physically 
contacted, except by argas, and possibly damaged. 

• • .> A ring-shaped,- rubber cushion gasket 70 Is 
positioned within, the walls 54, 55 and adjacent the 
sensor contact 58:' A first ring plug 72 is positioned 
within the walls. 54r'. 55 and adjacent the cushion 

: gasket- 70. The first ring plug 72 may be securely 
affixed to the interior of walls 54, 55 by adhesive 

• 74 or the like. In this manner, ail of the previously 
. discussed elements, which are stacked both within 

and above the sensor cavity 6 will be maintained 
securely jn place and in contact with the elements 
^ immediately adjacent thereto. 

The electrolyte cavity 10 in the cell body 4 
flares outwardly in a wider portion at the rear 
surface 12 of the cell 2 to form a rear shoulder 76. 
A ring-shaped rubber gasket 78 is positioned within 
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the electrolyte cavity 10' adjacent thle* rear' shoulder 
76/The cell 2 includes a pair of opposea semicir-'* ' * 
cuiar wails '80/81 extending outwardly therefrom " 
and substantially 'surrbunding Ihe electrolyte Savity 
)0 at the rear surface 12. Walls 30 ' arid 81 'are ' 5 
spaced ^part from each'other to form 'p'pehingV8'2. " 
83' at adjacent ends: Openings 82" and "83'arV 
diagonally opposed lo^ each other. ' 

A cii-cular septum'-disk 84 Is positidrieS 'within 
and in contact with walls '80. 81 andlh contact with io 

■gasket 78. A pair of dislc-shaped rubber cell sep-'" 
tums 86, 87 extend partially into the sefitum' disk' 
34 m corresponding depressions and' are substan-' 
tially flush with an outer surface of the septurri disk ' 
84. A hole 88 'Extends through the s'e^tOrTi disk 84 ' ;s 
from a rear surface adjacent the electrolyte cavity 
10 to the depression- holding cell septum 36. Like-^ 
wise, a hole 89 extends through the septum 'disk 
84 to the depression holding cell septum 87. ' ' 

A printed circuit "board 90 is positioned within' 20 
walls 80, 81 and Sdjacerit the septum disk 84 and 
cell septums 86, 87. The printed circuit* board 90 is'""" 
formed in the shape of a- flat, circular ^disk having ' 
ears 92. 93 extending outwardly therefrom ahh' 
diagbnallV 'opposed to lach other. The central disk^ 2s 
portion of the printed circuit board ; 9b is" located ' 
within walls 80, 81 and 'the ears 92,^93 extend ' 
through* the openings betvveen walls 80 and 81. As ' 

■ shown, ear 92 extends through opening 82' and ear 
93 extends through operling 83. A second ring plug 30 
95 is positioned within walls 80. 81 and adjacent'"*' 
the printed circuit board 90. The second ring plug' 
95 may be securely affixed to the interior of walls 

•80, 81 by adhesive 96 or the like. In this manner, 
air of the previously discussed elements which are 35 
stacked both within and above the electrolyte cav- 
ity 10 will be maintained securely iii place' and in' " 
contact with the elemehts immediately adjacent" 
thereto'. - - ' . . . . • 

-Each ear 92, 93 on'the printed circuit board '90*'' 'io 
carries a plug receivini^ electrical corinector. Ear 92 ' 
carries 'a" Reference electrode connedtbr '98 'Which 

-extends into a hole 99 in the cell body 4 'beneath 
dar'-'92r Likewise, ear^d3' carries a counter electrode 

"bdnnelitbr ' 100 which extends into a hole 101 in the \. 45 
cell body "beneath ear 93! The reference electrode 
lead wire 44 extends, in turn, through the elec- 
trofyte cavity 10, hole' 88, cell septum"*86. and the 
printed circuit board --QO. Lead wire 44 then extends 
along- the oOter surface of the printed!" ciriuit* board so 
90' beneath the secbnb ring plug 9S and is con-' 
nected to electrical' trace 103 on eaf^92 soldef 
104 or the like. Electrical trace 103 extehds dn\he 
outer surface of the printed circuit board 90 around 
and in electrical contact with the reference elec- 55 
trode connector 98. In this manner an electrical 
path is formed from the reference electrode 42 at 
the interior of the cell 2 along lead wire 44 to the 



refe/ence eiectrode connector 98 at the exierror of 
' the 'cell 2. The free end :f leao wire 44 may be 
turned' back into the primed circuu board 90 as 
Shown, before solder 104 is applied, to form a 
more s'ecure connection. 

SIniilarly, the wire ring !ead wire 30 extends, :n 
turn, through the electrolyte cavity lO. hole 39. ceil 
septum 87. and the printed circuit board 90. Lead 
wirie 30 then extenqs aiong the outer surface of the 
' printed circuit board 90. beneath the second ring 
^plug 95 and is connected to eiectncal trace 1O6 on 
ear 93 by 'solder 107 or the Nke. Eiectncal trace 
106 extends on the outer surface of the printed 
circuit board 90 around and in electrical contact 
with the counter eiectrode connector 100. The free 
end of lead wire 30 may also be turned back into 
the printed circuit board 90 before solder 107 is 
applied. An electrical path is formed from the coun- 
ter electrode 24 located withm the cell 2, ihrough 
wire ring 28 and lead wire 30 to the counter elec- 
trode connector lOO at the exterior of the ceil 2. 
'The second ring plug' 95 may include passageways 
' '109, lib along a bottom surface thereof and 
aligned with openings 82, 33 to accommodate lead 
wires 44 'and 30., respectively, passing there- 
beneath. 

The electrolyte cayity 10 is closed off at the 
rear~''surfacej2 of the eel! 2 by the septum disk 84 
and is partially filled with a liquid electrolyte 112 
such as sulfuric acid, phosphoric acid or any other 
known ionic acid electrolyte. The gasket 78 at the 
*' rear shoulder 76 and the cell septums 86. 87 
' surrounding lead wires 44 and 30, respectively, 
prevent the liquid electro|yte 112 from leaking out 
of the cell 2. The first stem 36 and second stem 38 
are positioned within the liquid electrolyte 112 and 
function to draw or wick the electrolyte 112 to the 
first bbttonri mat 32 and second bottom mat 34. 
The" liquid Electrolyte 112 will travel from the bot- 
tom maf 32. 34 to the top mat 40. In this manner, 
the counter electrode 24. reference electrode 42 
and sensing electrode 30 will always be in contact 
. with the liquid electrolyte 112 and will be continu- 
ously wetted thereby. 

. A first vent hole 114 extends through the cell 
"body 4 fronp one , side .and into the electrolyte 
cavity 10. Similarly, a second vent hole 115 ex- 
lends through, the cell body 4 from the opposite 
side and into "the electrolyte cavity 10. The vent 
holes 114. ns are covered at the exterior of the 
cell 2 by a membrane 116 which is permeable to 
gas, yet impermeable to liquid. The membrane 1 16 
covered vent holes 114, 115 allows gas to enter 
and exit the electrolyte cavity lO due to swelling or 
contracting of the liquid electrolyte 112. Generally, 
the liquid electrolyte 112 will swell when exposed 
to humid air, since the electrolyte 112 is hydro- 
phllic. The vent holes 114. 115 provide a means to 
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compensate for volumetric changes in the alec- 
trolyte 112. The vent holes 114. 115 are preferably, 
aligned diagonally opposed to each other so that.., 
one vent hole remains uricovered by the electrolyte 
112 regardless of ^the orientation of the cell 2. A ..s" 
preferred membrane 116 for covering the. vent 
holes 11 4,^' 11 is Is a thin. Qore-TexTM^^m^embrane. A . 
fill hole 118 extends through the cell body 4' from 
one side and into the electrolyte cavity 10 and is 
used to add electrolyte 112 thereto as, needed. Fill, ro 
. hole ^^Q may be closed by screw j i9 or the like . ' 
after the electrolyte 112 has been added. T 

The cell 2 may include one or more, mounting^ 
holes therethrough. The cell 2 includes nriounting , 
holes 1^21" and .122 extending through the cell body . ;5 
4 between the troqt surface 8 and the rear s,urface 
12 at diagonally ^opposed corners. The cell 2 rnay / 
be electrically connected to a control circuit of a," i 
gats detectpf by means of the sqnsor electrode ' 
screw 64; thd reference electrode connector 98 and. 20 
the'cbunter electrode connector 100. 

The sensing electrode 50 is a gas diffusion 
. electrode which allows gas to pass therethrough - \, 

but will not. pe.rmit the liquid electrolyte 1 12 to . 
^ pass. Such electrodes either Include a. catalytic ,25 
material on a pqrous/cdnductive substrate or are- 
formed of a porous, conductive catalytic material. ! 
The catalytic material of the sensing' '^electrode 50' . 
is oriented against tfie top mat 40 and is jn contact 
with the electrolyte 1 V2 contained. Jherein. The . ' 30 
sensing electrode Sp rnay be any of the known gas. 
diffusion electrodes yvhich have been used in gas 
sensors. For example, an anodic sensing electrode 
useful in detecting CO 'is platinuhn .or' platinum 
black on a carbon^ substrate. An anodic sensing 35 
electrode useful in detecting H2S Is' gold or gold 
oxide on a carbon substrate. A cathodic sensing 
electrode useful jn detecting NOa or hajogens is a 
porous .carbon ^substrate. In forming, for example,. , ^ 
the platinum/carbon sensing electrode, a mixture of 4q 
platinum and carbon or graphite can. be placed pp. ^ 
a PTFE or TeflonTM' tape to form the g^s diffuslpa . ' ' r , ' 
electrode. Alternatively, a mixture of platinum, car- ' 
bon and PTFE particles can be sintered tpg'ether or 
platinum particles can be pressed into a, carbon "45 
paper or cloth. A cathodic sensing electrode could 
be formed in the same manner by eliminating the. ... 
platinum particles. ' ' ' • • - - 

The counter^ electrode 24 is a porous, hydro- 
philic conductive structure filled or J coated with a 50 
catalytic material. It. may be a pressed^ porous 
carbon layer with a platinum coating. The counter' 
electrode 24 may also ^be an electrochemically. / . 
inert metal screen coafed with a catalytic mat'eriaC ' 
such as a tantalurfl or niobium screen coated with 55 
platinum. In general/ the counter electrode 24 need 
not be a gas diffusion electrode. As with the sens- 
ing electrode 50, the catalytic material of the coun- 



ter electrode 24 must be in contact with the elec- 
,..iro!yte 112. 

. t • Jhe electrochemical cell 2 of the present in- 
..vention arranges the counter electrode 24, refer- 
. .ence electrode .42 and sensing electrode 50 in a 
c stacked manner and located within a sealed sensor 
- cavity 6 in the cell 2. Only the outer surface of the 
f electrode 50 is exposed to the surrounding 

^atmosphere. Jhe counter electrode 24 and refer- 
ence., electrode 42 are totally encased or sub- 

' merasrl within J-ho raw 0 onH h 

> . .vyith the surrounding • gaseous atmosphere. The 
fpnly gas^ which comes in contact with the counter 
v,.^leQtrode 24. or reference electrode 42 is that gas 
. , which either passes through the ^sensing electrode 
, 50 . or -is . generated by the counter electrode 24 and 
. , becomes, dissolved in the electrolyte in the bottom 
. msit 3?, 34- and top mat 40. By closely spacing the 
.serising electrode 50 and counter electrode 24, the 
..gajs dissolved Jn the electrolyte 112 is sufficient for 
. thp operation of the counter electrode 24 and refer- 
ence electrode 42.* - 

In addition, the electrolyte 112 contained in the 
, electrolyte :cayity 10 isTtotally separate from the cell 
electrodes. The electrolyte 112 needed for cell 
operation is wicked or drawn from the electrolyte 
. cavity 10, by means of the first stem 36 and second 
stem 38. and placed .in contact with the electrodes 
, , by. the bottom mats 32, 34 and the top mat Addi- 
tional electrolyte J 12. Is .drawn up to the electrodes 
as needed.. Since the electrodes and electrolyte 
.mats are relatively thin members, the sensor cavity 
6 need not. be as. deep as the electrolyte cavity 10. 
Therefore, tbf electrolyte cavity 10 can be rela- 
tively larg^,, and hold '3 larger reserve of electrolyte 
.112 for long , term operations of the cell 2. without 
compromising the .compact design of the cell. 
.. .Moreover, by placing the counter electrode 24 
close to the sensing electrode 50. only a small 
volume of electrolyte 112 is needed therebetween 
and the internal Jqipedance of the cell is de- 
creased.. . , . j,,., . 

• M a preferned .ennbpdiment. the electrolyte cav- 
ity 10 will have a capacity on the order of 1 
. milliliter, the. cogrijter elfPtrode 24 will be spaced 
from the sensing ..el^ctrpde by .040" or less, and 
- the volume of electrolyte therebetween is about 
120U1. 

. In operation, a nnlxture of the object gas and 
, the surrounding atmospheric gas passes through 
the holes 68 in the sensor contact 58 and fills the 
volume . between the sensor contact 58 and the 
: sensirig electrode 50. The gas mixture will diffuse 
through the sensing electrode 50 and the object 
gas will undergo a reaction (either reduction or 
oxidation) at the interface of the electrolyte and 
catalytic material and generate charged particles. 
The object gas will be totally consumed during this 
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process. Trie' counter, .electrode 24 3nd,,CQfQrence . 
eiQCtrode „42 ,need oxygen or other, fuel ga^es. tp 
function . correctly . the atmospheric, .g^s. ^passing . 
through, the sensing ^electrode 50 l53jsL?olved' in , 
the electrolyte ,112 and passes through. the. (op^ mat 
4(D and bottom mait 32, .34 'to the countV electrode ^ 

' 24 and .reference electrode 42. For exampie^Jn 'a' ' 
CO or' HaS sensor, ttie counter electrode "needfs',/ 
oxygen to function and this source of oxygen is ' 
derived solely from the atmospheric gas'dis^olved^ 
in the electrolyte. The object gas does'npt cphtamj- " 
nate the gas di?soJved in Jhe electrolyte ii'z since ^ 
It was consupied . during the reaqtion the sensing " 
electrode 50. The ggs dissolved in ih^ electrolyte . 
112 is suffidenf to operafe the cell '? due tp the 
close proximity of'the^couhter electrode 24 ^tp the 
sensing eiectrode' 50. ^ _ . 

A second embodirneht of a three electrode, 
electrochemical ' cell .l .30"'.in accordance with , the 

. present jnvention is^^^hpwn in Fig. 7.' CelL 1^0 /s. . 

. identical to cell 2.shown*in'Figs, 1-6. e.)$cept for the. 
sensor "contact, and, therefore, Identical elements 
will be identified by. jdentical reference numbers. In 
the celj 130 shown iri. Fig. 7. sensor contact 132 is; . 
a solid disk (with no'plurality of holes 68 thereth-' ' 
rough) and includes a' diffusion barrier 134 to. re- 
strict the. flow of gas to the sensing electrpde '50. ' 
The diffusipn ' barrier 'utifized may be any of the^ 
known diffusion barriers.. such as capillaries, mem- . 
branes, ^porous piugs_, and the like. Known diffusion ' 
barrierls are.shovyn.Jpr^ example, in United /States 
Patents 'Nbs/'4,446,obd. '4;324.632 and 4, 132,61 . 
the disclosures of which are incorporated herein by^ 
reference. Tfie diffusion barrier 134 shown, in Fig, .7 . 
is a capillary tube, although other barriers could be 
used in place of or in combination with a capillary 
tube. . . ' . 

. Jhe^present invention, is further. de.spribed. in ^ 
thje/ following/ . 
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A carbon monoxide electrochemical gas cell in ^ 
accordance with the present invention /was built 
and^leste^^ The housing was formed of (3eneral 
Etectric UltemTM pplyinfiide plastic material. The 
sensing electrpde was A^gas diffusion^ electrode., 
fornied of a mixture of 10% platinum.^on vulcan . 
carbon utilizing 33 to 50% TeflonTM giaiiicies..pr^s!:^^ 
sure bonded to a Protech PC-206 carbon boai-dr 
The TeflonTM particles Increased the flexibility and*^ 
■ the hydrophobicity of the 'electrode and maintained 
' a path for gas permeation through the electrode 
and into the electrolyte, the counter electrode was 
made of 10% platinum on vulcan carbon formed 
into a self-supporting layer with 33% TelfonTM par- 
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ticies. The counter eiectrode was active on both 

. sides, resulting m a higher electrode area for oxy- 
gen .reduction but wiih a thin electrode. The refer- 
ence electrode was a platinized platinum wire coil 
and the .electrolyte mats were formed of a glass 
fiber filter material. The reference electrode was 

. spaced .015'* fr9m'the counter electrode uhe thick- 
ness bf the bottom mat) and the counter and sens- 
'\ri5" electroaes were separated by .038". The elec- 

' trblyte was^2.5N sulfuric acid and the eiectroiyte 

. cavity had a capacity of about 750ui- 

. The cell was tested on a stanoard circuit hav- 
ing a 10 ohm load resistor. The operating potentials 
between the sensing electrode and the counter 
electrode arid between the counter electrode and 
reference electrpde were each maintained at about 
38mv. The bperatihg potential between the sensing 
electrode and"" reference electrode was about 
d.2mv. The output, signal sensitivity taken across 

/[he load resistor. was found to be approximately .05 

/ tQ .2^liA per parts per million (ppm) of carbon 
..rnorioxide.^, , 



EXAMPLE II 



. . A nitrogen dioxide electrochemical gas cell in 

.accordance,. with the. present invention was built 
and tested, this cell was similar to the cell de- 
scribed in'Example j except that the sensing elec- 

.„trode included no platinum particles and the elec- 
trolyte was a 20% phosphoric acid solution. 

. The CQll.was operated in a reducing mode by a 
^standard test circuit. A varying potential was ap- 
plied across the sensing and counter electrodes. It 
, was ,determined that the cell gave an optimal cur- 

,.reijt response .i,n the range of -70 to -lOOmv with 
respect to the "reference electrode when exposed to 
1 164 ppm nitrogen dioxide at 1 .0 litermin flow rate. 

. A typical, maximum . cell, response current for 1164 

^ppm nitrogen dioxide vyras approximately -600uA 
. When the ceji. was operated at a voltage of -ZSmv 

. with respect to the .reference electrode. 

. The average cell response time (90% of maxi- 

" pnurin signal) vyas 27' seconds for the 1164 ppm 
concentration and. the average cell recovery time 
(drop to ^0% of maximum signal) was 20 seconds. 
The .qejl., signal response versus NO2 concentration 
was linear, With a slope of 0.46U.A per ppm NO2. in 

J, the^rgnge of 10 to 1200. ppm and showed that the 
ceil, could 'operate as a reliable NO2 sensor in that 
' "range. 

Having described herein the presently pre- 
ferred ennbpdiments of the present invention, it is 
to be understood that the invention may be other- 
wise embodied within the scope of the appended 
claims. 
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Claims 

1. An electrbchemrcal cell for gas detectibh 
comprising an impervfous'nonconductlve "cell body'" 
having an electrolyte cavity and a separate sensor 5 ' 
cavity formed therein, said electrolyte cavity' being' 

* at' least partially filled with a liquid ele'ctrolyte; saki' ' 
sensor cavity having a 'plurality of sens9r*ejeme'hts' "'\^ * 
stacked therein Including a counter electrod^ P^si- 
tioned at an inner end of said sensor cavity/ a gas'^^' //o ' 
diffusion sensing electrode positioned at' an outer , " 
snii of said sensur cavity and spaced frqrn s^i'd \ "\ ' 
counter' elebtrode,' an electrolyte mat positioried^ ' ^ 
between and contacting said counter and sensing 
electrbdes; and "a reference electrode disposed '^ /s* 
within said electrolyte mat and spaced froni said 
counter arid sensing electrodes, said ifeference' ; ^ . / 

"electrode formed of a nop-porous. conductive ma- 
terial coated with a layer of a catalytic material, and . 
with said counter electrpde being a porous, hydro-. ' 20 
philic, conductive structure containing a catalytic' 
material, said sensing electrode closing off' thd 
outer end of said siensor cavity and sealing said \ ''^ 
counter electrode"; reference electrode ' and elbc- ' ''^"_ 
trolyte mat within said sensor cavity, said cejl' m- '' 25 
qluding wicl< means for wicking liquid^ electfolyte * ' \' 
from said electrolyte cavity to said electrolyte, .mat. 
and including means for making electrical contact " ' ^ * 
with said counter, reference and sensing elec- ' 
trocies, wherein said counter and reference elec- '30 
trodes are subnri'erged within said sensor cavity 'by 
said sensing electrode and any gas contacting said 
counter and . referenc^e; electrodes passes through 
said sensing* electrode arid Is dissol\/^d 'in said 
electrolyte. \ 3h 

2. The electrocHbmical cell of claim 1 wherein 
said sensing electrode is a cathode "for detecting* 
reducible' gases/ 

'3. The eiectrochemic'al cell of claim 1 wherein 
said sensing ""electrode is an anode for 'detecting' " ' 40 
oxidizable gases. 

4. The eiectrochemicai cell of claim 3 wherein 
said counter electrode is an oxygen reduction cath- 
ode receiving its operating oxygen gas solely from 
oxygen passing through said sensing electrode and 45 
becoming dissolved la. said electrolyte. 

5. The' electrochemical ceil of claim 1 wherein 
said counter electrode' ls formed of an electro- 
chemically inert'; metal cbated with a layer of * ai" 

" catalytic material. ' " ^ * " " .\.^5D 

7 6. The elebtroch^mical cell of claim 1 wherei'rt '* 
said electrolyte mat includes a top mat'in contact ^ 
with said sensing electrode and an adjacent %ttprf^ . 
mat in contact" with said counter electrode 'and Vith 
said top mat, with the reference electrode^ posi-- . 55 
tioned between and in contact with said top mat' 
and said bottom mat ' 



7. The eiectrochemicai cell of claim 6 wherein 
said wick rneans is a stem extending through said 
'counter 'electrode and between the electrolyte in 
said electrolyte cavity and .said bottom mat 

8. The electrochemical cell of claim 7 wherein 
'said electrolyte cavity is separated from said sen- 
^ scr cavity by a' dividing wajl and said stem extends 

through a slot in said dividing wall. 

9*. The* electrochemical cell of claim 8 wherein 

II'. ' 

said bottom mat is formed of a first bottom mat 
^'and an adjacent second bottom mat, and wherein 
\said stem includes a first stem integral with said 
fii-st bottom' mat and a second stem integral with 
said second bottom mat 

10. The electrochemical celLof claim 7 wherein 
''Vaid fop mat, bottom mat and stem are formed of a 

gl^ss fiber material. 

11. The electrochemical cell of claim 1 further 
jncludin'g a* wire ring positioned behind and in con- 
taqt with, said counter electrode and terminating in 

. a counter electrode lead wire which extends 

.^'through .said cell body and through said electrolyte 
cavity to a counter electrode connector at an outer 

" portion of said cell and forms the means for mak- 
ing electrical cbntact with said counter electrode. 
' .12! the electrochemjcal ceil of claim 11 

^.jrtjherein said. wire ring is formed of platinum. 

13. The electrochemical cell of claim 11 further 
including a cartDon clotfi positioned behind and in 
'contact with said counter electrode and said wire 
.nng, 

14. The electrochemical cell of claim 1 wherein 
said, reference electrode is a metal wire formed into 
one' or more spaced loops. 

15. Tiie eiectrochemicai cell of claim 1 wherein 
said reference electrode Is a platinum wire formed 
into a plurality of spaced loops and coated with a 
layer of platinum black. 

16. The electrochemical cell of claim 1 further 
including a reference electrode lead wire connect- 
ed to 'said reference electrode and which extends 
through said electrolyte mat counter electrode, cell 
body and electrolyte cavity to a reference electrode 

- connector at an outer portion of said cell and forms 
the means for making electrical contact with said 
reference electrode.^ 

J 7. The electrochemjcal cell of claim 1 wherein 
siaid sensing electrpcie has a conductive outer sur- 
faice' and said cell further includes a conductive ring 
'in contact with the outer surface of said sensing 
I .electrode and electricaHy connected to a sensing 
elecjrode terminal at an outer portion of said cell. 

18. The electrochemical cell of claim 17 further 
including" a planar sensor, contact in contact with 
said. conductive hng and extending to said sensing 
electrode terminal, said sensor contact having an 
enlarged portion spaced from ' and covering said 



9 



17 EP0 2 

sensing electrode, with said enlarged-'porti'oh ''hav- 
ing a plurality of holes therethrough W perniit-'gas''^^' 
flow to said sensing electrode. ^ ' ' 

19. The electrochemical cell of claim 1 further 
including a diffusion barrier through which ga"s 
must flow to reach the sensing electrode. ' '^ 

20. The electrochemical cell of claim 1"9' 
wherein said diffusion barrier is a capillary tube. 

21. The electrochemical cell of claim 1 wherem 
said cell body has one or more vents extending 
into said electrolyte cavity, with said vents covered 
by a gas permeable and liquid impermeable mem- 
brane. 

22. The electrochemical cefl of claim 1 wherein 
said cell body has a fill hole extending into said 
electrolyte cavity, with said fill hole closed by a 
removable plug. 

23. An electrochemical cell for gas detection 
comprising an impervious, noncbnductive cell body 
having an electrolyte cavity extending into said cell 
body from a rear surface thereof and a sensor 
cavity extending into said cell body from a front 
surface thereof, a dividing wall separating said sen- 
sor cavity and electrolyte cavity, means for closing 
off said electrolyte cavity at said rear surface, said 
electrolyte cavity being at least partially filled with a 
liquid electrolyte, said sensor cavity having a coun- 
ter electrode at an inner end thereof and adjacent 
said dividing wall, an electrolyte mat adjacent said 
counter electrode, a gas diffusion sensing electrode 
adjacent said electrolyte mat and spaced from said 
counter electrode, a reference electrode disposed 
within said electrolyte mat and spaced from said 
counter and sensing electrodes. With said reference 
electrode formed of a non-porous, conductive ma- 
terial coated with a layer of a catalytic material, and 
with said counter electrode being a porous, hydro- 
philic. conductive structure containing a catalytic 
material, said sensing electrode closing off said 
sensor cavity at said front surface and sealing said 
counter electrode, reference electrode and elec- 
trolyte mat therein, said cell including a wick which 
extends between said electrolyte mat and the elec- 
trolyte in said electrolyte cavity and passes through 
said counter electrode and dividing wall, and in- 
cluding means for making electrical contact wtth 
said counter, reference and sensing electrodes, 
wherein said counter and reference electrodes are 
submerged within said sensor cavity by said sens- 
ing electrode and any gas contacting said counter 
and reference electrodes passes through said 
sensing electrode and is dissolved in said elec- 
trolyte. 

24. The electrochemical cell of claim 23 
wherein said sensing electrode is a cathode for 
detecting reducible gases. 
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^ 25. The electrochemical cell of claim 23 
'wherein said sensing alectrode is an anode for 
" '' ' 3etei:ting oxidizable gases. 

■ *26. The' eiectro'chemical cell of claim 25 
• s' ' wiierein said counter electrode is an oxygen reduc- 
tion cathode receiving its operating oxygen gas 
' bolely from oxygen passing through said sensing 
electrode and becoming dissolved in said elec- 
trolyte. 

10 * 27. The electrochemical cell of claim 23 
wherein said counter electrode is formed of an 
electrochemically inert metal coated with a layer of 
a catalytic matenal. 

28. The electrochemical cell of claim 23 further 
/5 including a wire ring positioned behind and in con- 
tact with said counter electrode and terminating in 
a counter electrode lead wire which extends 
through said dividing wall and through said elec- 
trolyte cavity to a counter electrode connector at a 

20 rear portion of said cell and forms the means for 
making electrical contact with said counter elec- 
trode. 

29. The electrochemical cell of claim 28 further 
including a reference electrode lead wire connect- 

25 ed to said reference electrode and which extends 
through said electrolyte mat. counter electrode, di- 
viding wall and electrolyte cavity to a reference 
electrode connector at a rear portion of said cell 
and forms the means for making electrical contact 

30 with said reference electrode. 

30. The electrochemical cell of claim 29 
wherein said counter electrode connector and said 
reference electrode connector are carried by a 
printed circuit board mounted to said cell body at 

35 the rear surface. 

31. The electrochemical cell of claim 28 
wherein said wire ring is formed of platinum. 

32. The electrochemical ceil of claim 28 further 
including a carbon cloth positioned behind and in 

40 contact with said counter electrode and said wire 
ring. 

33. The electrochemical cell of claim 23 
wherein said reference electrode is a metal wire 
formed into one or more spaced loops. 

45 34. The electrochemical cell of claim 23 
wherein said reference electrode is a platinum wire 
formed into a plurality of spaced loops and coated 
with a layer of platinum black. 

35. The electrochemical cell of claim 23 
50 wherein said sensing electrode has a conductive 

outer surface and said cell further includes a con- 
ductive ring in contact with the outer surface of. 
said sensing electrode and electrically connected 
to a sensing electrode terminal at a front portion of 
55 said cell. 

36. The electrochemical cell of claim 35 further 
including a planar sensor contact in contact with 
said conductive ring and extending to said sensing 
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electrode terminal, said sensor contact having an 

enlarged portion spaced fronn and covering, said^^., 

sensing electrode, vyith .said enlarged poijioaihavj- ^'^'^ 

ing a plurality of holes .therethrough to perml?gas ' ' * 

flow 'to said sensing electrode. . sl- ' 

37. The electrochennical cell of claim 23 further. V 
Including a diffusion barrier through which gas' 
nriust flow to reach 'the sensing electrode. . " f 
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